The problem of tetany has been of considerable interest to both clinicians and experimental workers. The variety of clinical conditions with which tetany is associated, and the divergent chemical findings in the blood which various types of tetany manifest, indicate that this condition is merely a clinical syndrome varying widely in etiology as well as in mechanism of production in the different types, although the final symptomatology may be identical. The importance of calcium in the pathogenesis of tetany has long been recognized (1) . In infantile tetany (2) , commonly occurring in children with rickets, there is a disturbance in the calcium metabolism with lowering of blood calcium. When a cure of tetany results, as from cod liver oil or ultraviolet radiation, the blood calcium rises. Similar disturbance in calcium metabolism takes place in tetany parathyreopriva (3) , either experimental or following accidental removal of the parathyroid glands during thyroid operations. In gastric (4), bicarbonate (5), or hyperpneic tetany (6) , however, the blood calcium remains normal, while the bicarbonate of the blood is increased with a tendency toward an alkaline reaction. Freudenberg and Gyorgy (7) in attempting to harmonize these discordant observations, state that the essential element in tetany is the concentration of ionized calcium in the blood.
Rona and Takahashi (8) showed that the calcium ion concentration in the blood depends not only on the actual concentration of the total calcium, but also on the bicarbonate and hydrogen ion concentrations according to the following equation:
(Ca++) (HCO3) = K (H+)
CALCIUM AND PHOSPHORUS IN TETANY
Theoretically, an increase of bicarbonate ion concentration and a shift toward an alkaline reaction as occur in gastric, bicarbonate and hyperpneic tetany, tend to diminish the calcium ions in the blood and thereby cause the symptoms of tetany.
As there is at present no available method of directly measuring the calcium ion concentration in the blood, many attempts have been made to separate serum calcium into diffusible and non-diffusible portions, thus indirectly, perhaps incompletely, gaining an idea of the state of calcium in the blood. Different methods employed for the purpose have yielded different results as discussed in a recent paper on the subject (9) . The overwhelming evidence seems to be in favor of the view that it is the diffusible rather than the non-diffusible calcium that is physiologically important in the control of neuro-muscular irritability and that it is the diffusible fraction that is decreased in tetany, although Cruickshank (10) , and Cameron and Moorhouse (11) conclude that in tetany parathyreopriva the reduction in calcium is mainly in the non-diffusible fraction. Von Meysenbug and McCann (12) , and Moritz (13) found that both the diffusible and non-diffusible calcium were reduced in the same ratio.
Recent experiments in the treatment of tetany have been made largely in the effort to throw light on the mechanism of its production. but the effects of various treatments have not been correlated and quantitatively compared. MacCallum and Voegtlin (1) found that immediate relief of symptoms from parathyroid tetany can be brought about by intravenous injections of soluble calcium salts, and emphasized the prime importance of sufficient calcium in the diet in order to maintain a normal neuro-muscular irritability. Acids and acidproducing substances, which are supposed to increase the ionization of calcium, have also been tried in the treatment of tetany. Gamble and Ross (14) administered hydrochloric acid, calcium chloride and ammonium chloride to children and showed that on their administration the carbon-dioxide capacity of the blood is decreased and the hydrogen ion concentration increased without necessarily affecting the total serum calcium level. The therapeutic effects of these substances are explained on the basis of increased ionization of calc.um so that a physiologically adequate concentration of calcium ions is obtained, even though the total serum calcium may be low.
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Huldschinsky (15) , Casparis and Kramer (16) , and Hoag and his collaborators (17) have shown that ultraviolet radiation has remarkable effect in the treatment of infantile tetany and in raising the serum calcium, due probably to an increased absorption of calcium through the intestinal tract. Brown, MacLachlan and Simpson (18) treated seven cases of infantile tetany with equally good results. Liu (19) , in studying the influence of cod liver oil on the calcium and phosphorus metabolism in tetany, found that cod liver oil, similar to ultraviolet radiation, increases the calcium retention and raises the blood calcium, thereby curing tetany.
With the advent of Collip's discovery (20) of a parathyroid extract active in raising the blood calcium of both normal and parathyroidectomized dogs, this treatment has been applied to human subjects. According to Greenwald and Gross (21) the injection of this extract increases the excretion of calcium both in the urine and feces in dogs. The co-existence of hypercalcemia and increased calcium output is taken to indicate that the parathyroid hormone mobilizes calcium from the tissues, chiefly the bones. In normal calves (22) , the administration of parathyroid extract is followed by increased calcium and phosphorus excretion in the urine, but no consistent change in the feces. In the experiments of Stewart and Percival (23) , it is demonstrated in cats that the main excretory route of calcium is the large intestine and that following the parathyroid extract injections, while the serum calcium remains elevated, there is no change in the excretion of caldcium. Apparently there is considerable difference in opinion as to the mode of action of the parathyroid extract, partly on account of the different species of animals employed. The mode of action of this extract in man has not been definitely established, although its beneficial effects on parathyroid tetany (24) and infantile tetany (25) have been reported, and Hoag et al. (26) have obtained diminished calcium retention in one normal and three rachitic infants, and increased calcium retention in two cases of infantile tetany during the period of parathyroid extract administration.
The present communication has for its purpose the study and comparison of the effects of the various treatments on the calcium and phosphorus metabolism in two cases of chronic juvenile tetany, embodying the measurements of the intake and output of these ele- According to these criteria, the intake of both calcium and phosphorus in the orphanage diet is very low. However, as shown presently, as well as from the seasonal incidence of tetany, calcium lack cannot be the sole cause of tetany in these cases.
SHIH-HAG LIU -2 METHOD OF INVESTIGATION
The two subjects were placed in the metabolism ward where carefully weighed diets with constant calcium intake, and complete collection of both urine and stools were ensured. Urine was collected as 24-hour specimens, and stools were marked off with carmine to correspond to 4-day periods, 0.5 gram of the dye being given by mouth at the same time of the day every four days. Calcium and phosphorus in urine were determined daily, and those in stools every four days. Throughout the experimental period they were on a diet with a constant daily intake of calcium, which was only shghtly higher than the estimated value from their previous diets in the orphanage. The calcium and phosphorus values of some of the foods were taken from Sherman (30) , and others obtained from analyses made in the laboratory of Dr. Hsien Wu of the Peking Union Medical College. Four varieties of treatments were given, namely, (a) hydrochloric acid, 10 per cent, from 4 cc. to 12 cc. daily, (b) calcium chloride, 20 per cent solution, 5 cc. twice a day, corresponding to 2 grams of calcium chloride, or 0.722 gram of calcium daily, (c) pure cod liver oil in 30 cc. daily doses, and (d) parathyroid extract (Collip) subcutaneously, 25 to 100 units daily, usually given in two injections. Each kind of treatment was given for two or three periods of four days each with one or two control periods before and after the treatment. Blood was always withdrawn before the noon meal from one of the arm veins, and estimated for calcium, phosphorus, chloride and carbon-dioxide capacity as well as for partition of serum calcium into diffusible and non-diffusible fractions.
Blood calcium was determined by the method of Tisdall as modified by Clark and Collip (31) , phosphorus by that of Benedict (32) . The method of Myers and Short (33) was employed for blood chloride and that of Van Slyke and Cullen (34) for carbon-dioxide capacity. The partition of serum calcium was studied with the method of Moritz (13) , modified by Updegraff, Greenberg and Clark (35) , and the diffused and non-diffused calcium were separately determined.
Briggs' method (36) was used for urinary phosphorus and Shohl and Pedley's method for urinary calcium. The stools of each 4-day period were mixed, dried in an oven at about 110°C. to a constant weight, and ground into a fine powder. Exactly 2 grams of the dried stool were weighed in a platinum crucible and ashed to a whitish powder. The ash was dissolved in 0.1 N hydrochloric acid, and an aliquot portion taken for analysis of calcium and phosphorus. The calcium was determined by Clark and Collip's method (31) with the addition of 1 cc. of 20 per cent sodium acetate in the initial precipitation, and phosphorus by Briggs' method (36) . REPORT After admission, the patient was put on a diet with a calcium intake of 0.18 to 0.20 gram daily, an intake slightly higher than that in the orphanage diet which she had been eating for several years. During the control period of four days, spasms of the hands continued. Then four consecutive periods of four days each were devoted to acid treatment. Following the-administration of hydrochloric acid, she felt gradually improved with relief of spasms and at the end of the third period her blood calcium rose to 8.5 mgm. with 5.8 mgm. of diffusible and 3.2 mgm. of non-diffusible calcium (table 1 and chart 1). But with further administration of hydrochloric acid, the blood calcium fell to the original level coinciding with the reappearance of tetany. With the ingestion of acid, an increased calcium excretion occurred both in the urine and feces with the result that the calcium balance, distinctly positive during the control period, became negative and increasingly so with further acid ingestion.
During the two periods of parathyroid extract administration, the relief of tetany was complete and more prompt than the acid periods, both Trousseau's and Chvostek 's signs being negative within the third day of the injections. The patient's blood calcium rose from 6.5 to 9.0 mgm., 5.6 mgm. diffusible and 3.4 mgm. non-diffusible. In regard to the calcium balance, there was slightly more retention of calcium during the parathyroid extract periods than in the immediately preceding and following control periods. The effect of the extract, The patient was put on a diet similar to that of case I, and her first treatment was a series of parathyroid extract injections, 60 units daily for two periods. Her blood calcium rose from 8.8 to 9.7 mgm., the rise being entirely in the diffusible fraction (table 2, chart 2). The retention of calcium increased slightly during the parathyroid extract periods. With the elevation of blood calcium to almost normal level, especially the diffusible calcium, as well as the increase in calcium retention, her symptoms were entirely relieved, with disappearance of both Chvostek's and Trousseau's signs.
After a rest period of four days, during which her symptoms returned, she was given hydrochloric acid for two periods. With the acid administration, she experienced no relief whatsoever. Her serum calcium dropped from 8.4 to 7.7 mgm. The calcium balance, positive previously and during the first acid period, became negative during the second acid period with an increased excretion of calcium both in the urine and feces. 100i0010U NOk-.00010 -4 " i00100.ct0
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Calcium chloride, 2 grams daily, was given alone for two periods, and then combined with cod liver oil 30 cc. daily for another two periods. During the first two periods when calcium chloride alone was given, the treatment made no apparent difference to her symptoms and her blood calcium remained stationary, although there was a large retention of calcium. But during the second two periods when cod liver oil was added to calcium chloride, her blood calcium rose from 7.7 to 9. During the next two-periods when cod liver oil alone was continued, her blood calcium continued to rise slightly. The striking change was the tremendous increase in the retention of calcium, amounting to 75 per cent of the calcium in the diet. This effect continued during the succeeding periods when cod liver oil was stopped.
CALCIUM AND PPHOSPXORUS IN TETANY
Toward the end of the experimental period, when she was remaining free from symptoms, another course of parathyroid extract injections was given, 100 units daily for two periods. There was a slight increase in the blood calcium, namely, to 10.4 mgm. with 58 mgm. of diffusible calcium. The calcium output was decreased slightly resulting in a better retention than the control periods. The patient was discharged well on April 18, 1927.
DISCUSSION
It has been shown (9) that in normal individuals the total serum calcium of about 10 mgm. per 100 cc. is divided equally between the diffusible and the non-diffusible fractions. In case I with a total calcium of 6.6 mgm., there was a proportionate decrease in both fractions, while in case II, in whom the total calcium was slightly low (8.8 mgm..), the reduction was mainly in the diffusible portion (3.3 mgm.), the non-diffusible portion remaining normal. It is apparently the reduction of the diffusible calcium that is associated with the appearance of tetany, regardless of the level of the total calcium. This is further substantiated by the fact that in nephrosis and kalaazar (9) the low total calcium which in these conditions is due to a reduction of non-diffusible calcium alone, is not accompanied by neuro-muscular irritability. When the blood calcium was raised with accompanying clinical improvement in these two cases as by cod liver oil or parathyroid extract, the rise was more marked in the diffusible than in the non-diffusible fraction, again emphasizing the prime importance of the diffusible calcium in maintaining a normal neuromuscular irritability.
From the metabolism data presented, the comparative efficacy of the various treatments in tetany is obvious. The administration of hydrochloric acid in this form of tetany does not seem to be a rational therapeutic procedure. In case I, there was a transient increase of blood calcium with slight-relief of symptoms, but a negative balance of calcium was obtained with increased excretion of calcium both in the urine and feces. With further use of the acid, the blood calcium went back to the original level with reappearance of tetany, and the calcium loss was increased. Hydrochloric acid seems to possess a depleting influence on the calcium stores of the body. Case II showed no con-270-SI-HAO LIU2 sistent response to the acid treatment. Although there was no actual calcium loss from the body, the blood calcium was slightly decreased. Thus the acid administration may or may not raise the blood calcium, and has a tendency to increase the excretion of calcium.
Merely increasing the intake of calcium did not raise the blood calcium nor relieve the symptoms in either case. Various authors attribute the failure to the lack of absorption from the intestines, but this does not seem borne out by the data presented, as the retention of calcium during the periods of calcium chloride administration is both absolutely and relatively greater than the control periods, thus showing good absorption. Apparently it is not absorption alone that controls the level of blood calcium, and there must be some other factor that keeps the absorbed calcium in the blood so as to be available for the maintenance of normal excitability of the nerves. This active factor seems to reside in both cod liver oil and parathyroid extract. The potent parathyroid extract, as these two cases exhibit, promptly increases the blood calcium to normal levels with complete relief of symptoms. There was no increased excretion of calcium either in the feces or urine, contrary to the findings of Greenwald and Gross (21) with experiments in dogs. In fact there was a tendency to increased calcium retention in both cases, especially in case II. This is in agreement with the results of Hoag et al. (26) in the treatment of two cases of infantile tetany. The prompt and marked action on the blood calcium without extensively affecting the calcium balance indicates that the main function of the parathyroid hormone seems to be the control of the distribution of calcium between the blood and tissues rather than the regulation of the rate of excretion or absorption. This substantiates the work of Stewart and Percival (23) .
Cod liver oil seems to be efficacious both in raising the blood calcium and in increasing the calcium retention. In both cases, the blood calcium was promptly and markedly increased with the administration of cod liver oil. The increase in the retention of calcium was also very pronounced, more so when the calcium intake was restricted, as no further increase in calcium retention could be brought about with the aid of cod liver oil when calcium intake was already in excess, as in case II. Thus besides controlling the level of blood calcium, cod liver oil increases the positive calcium balance. Examination of the output of calcium in urine and feces during the cod liver oil periods shows that the fecal output is greatly decreased, while the urinary output remains stationary or slightly increased, suggesting that cod liver oil acts on the intestines, either increasing the absorption or decreasing the elimination, probably the former.
With regard to phosphorus metabolism the results are less regular and less conclusive. Hydrochloric acid seems to increase the retention of phosphorus, and the decreased phosphorus output is probably the result of the increased chloride available for excretion. Similarly, calcium chloride increases the phosphorus retention, though not so markedly as in the case of hydrochloric acid. Parathyroid extract gives no consistent results on the phosphorus balance, nor does cod liver oil.
The changes in the blood, other than those of calcium, are slight and inconstant.
We may add a word about the pathogenesis of the type of tetany which occurs in the orphanage concerned. The clinical features, the seasonal incidence and the favorable response to cod liver oil therapy as well as to ultra-violet radiation in case II during her first admission, justify its classification as infantile tetany. As stated in the beginning, the calcium intake in the orphanage diet is decidedly deficient, and, as shown by the metabolic data during the preliminary periods, the calcium retention is also very low. But the restricted intake and poor retention cannot be the only factors responsible for the occurrence of tetany, as the administration of large quantities of calcium fails to relieve the symptoms or raise the blood calcium, although the calcium given is absorbed and retained with avidity. There must be an additional, perhaps more important factor that regulates the distribution of calcium between the blood and tissues. Parathyroid extract is potent in this respect. But these cases do not behave as cases of tetany resulting from loss of parathyroid glands, and the peculiar seasonal variation speaks against a deficiency of parathyroid action, which would be more or less continuous.
Cod liver oil (or the active principle therein contained) is also very active in raising blood calcium, and in increasing the retention of calcium, especially when the intake is limited. But if it were a case of deficiency in cod liver oil or its active principle as is quite possible 272
